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ABSTRACT

The design of a regional multivariate optimum interpolation

analysis scheme is presented. The way in which the error cor-

relations of the guess fields and observations are analytically

modeled is described. The moisture representation is obtained

by univariate analysis of relative humidity for the three lowest

sigma layers of the LFM model. Data selection and error-checking

procedures are discussed. Results for one case suggest that the

new scheme is capable of producing analyses and forecasts of com-

parable skill to those produced by the currently operational LFM

analysis, with perhaps an improvement in precipitation forecasts.



1. Introduction

A multivariate analysis scheme based on the optimum interpolation
method developed by Gandin (1963) and others has been designed and used for
experimental LFM analyses at NMC. Many features of this scheme are very
similar to, if not identical with, the multivariate analysis scheme used
for global data assimilation and documented in NMC Office Note 200 by Bergman
(1979). This office note will concentrate on the ways in which the regional
scheme differs from the global scheme.

The theory of multivariate optimum interpolation (MOI) analysis in its
most comprehensive form is presented in Gandin and Kagan (1974). MOI analysis
schemes for height and wind fields have been documented by Schlatter (1975)
and Rutherford (1973, 1976). These analysis schemes served as models when
the NMC global MOI scheme was designed. The global scheme analyzes the
temperature and the two horizontal wind components multivariately and the
specific humidity univariately. These variables were chosen for analysis
because they are the variables actually predicted at each time step by the
nine-layer global prediction model which serves as data-assimilator
(McPherson et al., 1977). The global analysis is performed on a longitude-
latitude grid, and the variables are analyzed at the midpoints of the sigma-
layers of the nine-layer global model. A 6-hour global prediction is used
as the "guess" field for the analysis, and the fields of observed-minus-
forecast differences ("residuals") are analyzed by the scheme, with a geo-
strophic thermal wind relationship between temperature residuals used in the
wind field analysis and vice versa. The analysis is three-dimensional in that
observations in a volume about the grid point on a sigma surface may be used
in the analysis, rather than just observations appearing on some two-dimensional
surface.

This three-dimensional concept of analysis is also used in the regional MOI
scheme. But the regional scheme differs from the global one in the following
significant ways:

1. Geopotential height, temperature, and the two horizontal wind components
are analyzed multivariately, but with some restrictions on use of essentially
redundant data (e.g., rawinsonde heights vs. temperatures). Relative humidity
is analyzed univariately as the moisture variable.

2. The analysis is performed on a Cartesian grid superimposed on a polar
stereographic projection. The grid is currently the LFM-I grid, but orienta-
tion and spacing may be readily changed.

3. The geopotential height, temperature, and wind components are analyzed
at the mandatory isobaric levels, but the relative humidity is analyzed to the
midpoints of the three lowest sigma layers of the LFM prediction model.
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4. The guess fields for height, temperature, and relative humidity
are provided by the hemispheric prediction model (12-hr forecasts). The
guess wind field is generated by blending one-half the winds from the 12-
hour hemispheric prediction with one-half the gradient winds computed from
the predicted heights. The gradient wind formula used is that of McDonell
(1973).

5. The height analysis and wind residuals, and vice versa, are related
through the geostrophic wind equation. Heights and temperatures are related
by the hydrostatic equation. The thermal wind equation relates temperatures
and winds as before.

Observational error characteristics are specified and used in each analysis
scheme, but here again there are differences. In the global scheme, the actual
magnitude of rms observational errors is specified. When used in the analysis,
the rms observational error is compared with the local estimated rms error of
the guess field. The latter error estimate evolves in time through the series
of analyses and 6-hr forecasts produced by the cycling of the system. The
ratio of the observational error to the guess error is the quantity that
actually appears in the analysis equations. In the regional scheme, only this
ratio of errors is specified, since specific information about errors in the
guess is not available, and since local estimates of guess error cannot be
generated in this noncycling system.

The basic equation for multivariate interpolation of nk observations of
each meteorological variable k to obtain the grid point correction to the rth
meteorological variable, fgr, is given by

m nk

fgr aik ik' (1.1)

where

= f. +e. ~~~~~~~(1.2)
fik fik + eik'

and where a., is the combined weight/scaling factor which the ithobservationik
of meteorological variable type k receives in the interpolation, fik is the
observed residual (observed-minus-forecast value), fik is the true correction
which should be applied at the observing point, and eik is the rms estimate
of the observational error. Since four variables are analyzed multivariately
by the regional scheme, subscript k assumes the values z, t, u, and v.

The weight/scaling factors aik are determined by solution of the set of
equations:

m nr
gl j(ki + ij ik ia = , (1.3)

k = 1,2,...,m; i = 1,2,...,n k.
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The theoretical estimate of mean-square analysis error of the rth variable at
grid point g is then given by

m nk kr (1.4)
E 2r/(f 2 ) = 1 a kp . i
gr gr k=1 I= l ik ig

In the above equations,

=ki E (ff / (f2 f2)½ (1.5)
Pij fik j/ ik j9 '

k2. kk (e~ 2 2 (1.6)fij E Leik ejg)/(eik eji) (1.6)inj ek ejz ik j9.

Ek E (e2 /f2) (1.7)

and

a~k = (f2 if 2
2½ a. (1.8)

ik ik gr ik 

Equations (1.3) and (1.4) are the same as (2.12) and (2.13) of Office Note 200.

The above equations are the starting point for the regional MOI analysis.
The next section presents the error correlations of the forecast which pro-
vides guess, or background, fields for the analysis. Section 3 outlines the
specification of observational error characteristics for the regional scheme.
Section 4 covers the univariate analysis of relative humidity. In Section
5, some design features of the scheme are discussed, and possible changes
that might be made to improve it are indicated. The final section compares
some MOI analysis results with those obtained operationally for the LFM.

2. Error Correlations of the Guess Field

The correlation relations between temperature and wind errors, between
temperature and height errors, and between height and wind errors are derived
in Appendices A, B (Part 1), and B (Part 2) respectively of Office Note 200.
These correlation functions are based on the assumption that the thermal wind
relation holds between temperature and wind residuals, the hydrostatic relation
applies between temperature and height residuals, and that the geostrophic
equation relates height and wind residuals.
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As in Office Note 200, assume that the three-dimensional correlations
are products of lateral correlations (at constant pressure) and vertical
correlations, i.e.,

k. k ki .
Pij =ij vij

(2.1)

Additionally, the following forms (eq. 3.18 and 3.19 of Office Note 200)
are assumed for two of the correlations:

itt = i = exp[- kh(Asij)2],
Pij = 'P Iij

(2.2)

where Asij is the separation distance between points i and j, and

1
uu ee
Vij Vij 1 + k in2(pi./p.)

p 3. J (2.3)

where Pi and pj are the pressures of points i and j, respectively.

The analysis is done on a Cartesian grid on a polar-stereographic
projection. Hence

Asi - m.2 m.[(xi-x)2 + (y -y )2]1 
I j

1

m 1 + sin ii + sinP.

(2.4)

(2.5)

x and y are right-orthogonal coordinates on the Cartesian grid, and u
and v are horizontal wind components corresponding to directions x and y.

(2.2) and (2.3) assumed, the remaining correlations
quantities t, u, v, and z are:

between the

ut us (2kh)½
ij =-ij i m-

tt
(2.6)

tu Ou

Pij = _ Bij

vt vt
Pij = _ Pij

tv sv
1ij = - BPij

(2kh) ½

m

( 2kh) ½

m

(y )jtt

(X-X)tt
Ji -i j ,

(2kh ) ½-2

m

With
residual

(2.7)

(2,81

(2.9)
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uu_
11 ij=

vvij=

[1 - 2kh ( 2] tt

2kh 2tt[1 -- (xi-xj)2]i '[ 2( )3i 

uv = vu = 2khI

et te tt

Ji j 2 ij = I ij ,
t It I~tt

P1J 1j Plj 

v-v uvVi. o -- V %i)j

ut vtV.. = V..
1J 13

tu tvV.. = V..
1J 1J

vu uu= Vvij = V ij ,

t= v = (2k ) n(pi/pj) (vi)2

= vij= - (2k) ½2n(pi/pj. )(vuu )2 ,1j P I )ij

vt [1- 4kp n2(pi/pj)vu.]uu2
%ij =j (ij)

(2.14)

(2.15)

(2.16)

(2.17)

In (2.6) through (2.12), m - (mi+ mj)/2.

The above correlations are the ones currently used in the regional MOI
scheme. The current value of kh ranges between 1.0 x 10 6 and 2.0 x 10- 6

km- 2, depending on the observational density as described in Section 5.
The current value of kp is 2.5 (dimensionless). These values are loosely
based on forecast error correlation statistics.

A result of the above partitioning of the correlations is that the
mean square residuals t, u, v at point i are (in theory) related to the
mean square residual mi as follows:

t = 2k g 2
P 09. , (2.18)

1 Rz m/i

2khg 2 G 2

izi 2
(

U2 = v2
i 1

(2.10)

(2.11)

(2.12)

(2.13)

(2.19)
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where g is the acceleration due to gravity, R is the meteorological gas
constant, f is the Coriolis parameter, and G, the "coefficient of geo-
strophy," is defined as

Gi = 1 - exp(-.05 i),(2.20)

where 4i is the latitude in degrees of point i.

Substitution of the above mean square residuals in (1.8) gives the
following relations between the scaled weights a and the unscaled weights
a :

(1) For height analysis:

aiz= aiz (2.21)

R
ait = a.t (2.22)

gV'2k ItP....
f

aiu,v - G . lu,v (2.23)

(2) For temperature analysis:

ait = aft (2.24)

aiz = a' (2.25)
ai=R 2.p a3

fi
aiu,V- R G kh aiu'v (2.26)

aiu' R G I k u, v

(3) For wind component analysis:

f G.

a u, g a. (2.27)iuv f.G iu,v

g G r2/

a. = a,a. a (2.28)f m
g

R G

i= g ait
ait f k it (2.29)
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In obtaining (2.21) through (2.29) the mean square residual has been
assumed "locally constant."

Gandin (personal communication) has suggested that a horizontal cor-
relation function for temperatures and heights due to Yudin,

tt 5 exp('Iij. = 1.ij = ex(+~s"
j =PI exp(- khAsij)(1 + khAsij) (2.30)

may be a better choice than the Gaussian one, eq. (2.2), especially in

those areas where the analysis is actually extratrppolatinR, rather than
interpolating, meteorological fields. __ .

Eqs. (2.18) and (2.19) indicate that theoretical relationships exist
between the mean-square residual values which are at most a function of
latitude only. How "realistic" are these relations? To find out, the
rms differences between observed and 12-hr hemispheric prediction values
of height, temperature, and wind speed were obtained (from J. Stackpole)
for May 1979. The ratios of these differences for four pressure levels
were computed and are given below:

RMS Ratio of 850 500 250 100 mb

t to E (deg m - 1) .118 .062 .058 .042

s to 2 (sec -1) .186 .179 .154 .058

These statistics were not available as a function of latitude. Clearly,
they show some variation with pressure.

From (2.18), with kp = 2.5,

(t~[/z)½ = .076 deg m- 1 (2.31)

From (2.19), with kh = 1.4 x 10- 1 m and with latitude - 45 degrees,

( 2/) = .142 sec - (2.32)

How serious is this discrepancy between "reality" and "theory"?
Note that these ratios determine the scaling factors of (2.21) through
(2.29). Thus, when cross-correlated observations are used in the analysis
of a variable, they are "overscaled" or "underscaled" to some extent for
some pressure levels. A possible "fix" for this situation is to let kh

and/or kp be a function of the pressure level of the analysis. This experi-

iment has not yet been tried. Also, kh and/or kp can be assigned different
values when analyzing different variables. In the global MOI analysis, kp
is assigned a different value when t is analyzed from that used when u or
v are analyzed. The regional OI analysis code is designed to accept three
different values of kp for the analysis of temperature, height, and wind
components, but thus far only one value of kp has been used for all three
analyses.
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Pf 3. Specification of Observational Error Characteristics

Eq. (1.3) contains error correlation terms in which the observational
error correlation, n, and the rms observational error, £, appear. When
i=j and k=k:in (1.3), the observational error term reduces to Cik, the
normalized mean square error of observational type k which is located at
point i. Normalization is with respect to the mean square error of the

2guess value. Table 1 lists the values of Eik currently used in the
regional MOI analysis.

When k # £ in (1.3), observational errors are uncorrelated, hence n
= O. When k = i but i # j, the observed data may have correlated errors
if the data were obtained sequentially by the same instrument. Vertically
correlated errors of rawinsonde serial ascents have been demonstrated by
Hollett (1975). Laterally as well as vertically correlated errors of
temperatures derived from satellite radiances have been shown by several
investigators (see Bergman, 1978). These error correlations are modeled
in the analysis code, and the vertical correlations are shown in Fig. 1.
The lateral correlation of satellite temperature errors is modeled by

( ij)h = exp[- Ki] , (3.1)

where K = 11.3 x 10 6 km -2 and Asij is the observational separation
distance. This functional form is modeled on NIMBUS satellite data; pre-
liminary computations show approximately the same spatial error corre-
lation for TIROS-N satellite temperatures (Fig. 2). The above error
correlation models are the same (at this writing) as those used in the
global MOI scheme.

There is no information currently available on the error correlations
of aircraft or satellite wind data. In the absence of information, these
are assumed to be zero by the analysis code.

4. Relative Humidity Analysis

The relative humidity analysis is univariate, and it is done for the
midpoints of the three lowest sigma-layers of the LFM model. In this

respect, it parallels the currently operational relative humidity analysis
for the LFM model (Chu, 1977). The data base is the same as for the
currently operational analysis and includes sigma-layer RH values inferred
from surface cloud and weather reports.

The RH analyses for the sigma layers of a grid point column are not
done until after the temperature, height, and wind componet analyses have
been done for the mandatory levels of the same column. The results of the
mass and momentum analyses are used to determine the form of the correla-
tion function for each sigma-layer RH analysis. Thus, although the RH
analysis is mathematically univariate, indirect use is made of mass and
momentum information.
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The analysis is performed at those grid points located at the inter-
sections of odd-numbered grid lines (Fig. 2). Thus, the analysis is on
twice the LFM-I grid. After the analysis is completed on this grid, it is
bi-quadratically interpolated to the remaining LFM-I grid points.

Although the LFM model now runs on the LFM-II grid, the "initializer"
and graphics codes currently expect the analysis on the LFM-I grid. The
analysis code can be modified for analysis on any Cartesian grid on a polar-
stereographic projection. The analysis code and attendant data preparation
routines require about 10 min CPU time for analysis on the 27 x 29 grid at
10 mandatory pressure levels (1000 through 100 mb) and, for RH, three sigma
levels. Some code changes to improve time efficiency are currently being
tried in the global scheme and, if successful, will also be incorporated in
the regional scheme.

b. The Guess, or Background, Field

Currently, the 12-hr hemispheric PE numerical prediction provides
the guess fields for the regional MOI analysis. However, the forecast
wind fields are blended with a wind field computed from the forecast
heights using the form of the gradient wind equation given in McDonell
(1973). The blending is 50% forecast winds and 50% gradient winds. The
motivation behind this is to provide guess wind fields in somewhat better
balance with the height fields than are provided by the forecast winds.
Limited testing indicated some overall improvement in the analysis when
the blended guess winds were used compared to 100% forecast winds.

A possible extension of this idea is to blend the forecast
heights with heights computed from the forecast winds via the inverse
balance equation. This experiment has not been tried.

c. Use of Surface Data in the Upper-Air Analysis

Reported sea-level pressures and oceanic ship winds are used in the
upper-air analysis. The sea-level pressures are converted to equivalent
1000-mb geopotential heights, and the ship winds are converted to approxi-
mate equivalent geostrophic winds. The procedure and equations for doing
this are described in Section 6 of Office Note 200. The converted ship
winds are treated as 1000-mb wind data by the analysis code. Land wind
reports are not used. A separate univariate surface temperature analysis
is performed (see below), but surface temperature data is not used in the
upper-air analysis. For rawinsonde reports when both sea-level pressures
and 1000-mb heights are available, the conversion of pressure to equivalent
height is suppressed.
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e. Computation of Analysis Weights and Field Corrections

The observational weights (the aj of eq. 1.3) are computed pre-
cisely as in the global scheme (see Office Note 200, Sec. 7b). The scale
factors of Section 2 are then used to rescale the weights for cross-
correlated data. The analyzed correction for each of the four variables
at each level of each grid point is then given by (1.1). The corrections
are added to the guess values to get the analyzed gridded fields.

In some experimental analyses, the guess values were adjusted in-
dividually at each grid point and level for "bias" by first averaging the
residuals (if 5 or more) of all data autocorrelated with the variable being
analyzed. This average residual was then assumed to be the bias in the
guess variable, and it was algebraically added to the guess and subtracted
from each of the autocorrelated residuals. In practice, this procedure pro-
duced some undesirable irregularities in the analyzed fields and was dis-
continued, although the coding to do it is still present in the analysis
program.

Needless to say, if no observations are found by the search routine,
the correction will be zero and the guess value remains unaltered.

f. Surface Temperature Analysis

A univariate surface temperature analysis is performed. The lateral
correlation function for upper-air temperature analysis is used unchanged
in the surface analysis. (There is no requirement that this be the case.)
By accident, the bias correction described in the preceding subsection was
included. It appears to work favorably here, probably because the forecast
surface temperatures often differ so markedly from the reported values.

g. Tropopause Analysis

The LFM initializer requires tropopause temperature, potential tem-
perature, and pressure analyzed fields. As of this writing, no optimum
interpolation analysis code has been written for the tropopause. Immediate
plans are to incorporate the presently operational tropopause analysis as a
"black box" in the regional MOI analysis package. In tests of the MOI scheme
on archived data sets, the operationally produced tropopause analysis file
was added to the other files produced by the OI scheme.

h. Data Quality Control

The gross and comparative error checking is done in the same way as
described in Office Note 200, Section 7c. The gross error check is done in
terms of the forecast error standard deviations given in Table 2. "A"
quality rawinsonde reports within 5 of the guess value are accepted, other-
wise they are rejected. All other observations have an acceptance threshold
of 3 . Relative humidity reports are rejected only if their values lie out-
side the range of 0 to 100%.
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i. Smoothing-Desmoothing the Analysis

When the analysis is performed on twice-the-LFM-I grid and bi-
quadratically interpolated to the rest of the grid points, it contains some
small-scale oscillations which are visually unattractive and which are not
always indicated by the observed data. An example is shown in Fig. 3.
Application of the Shuman (1978) nine-point smooth-desmooth filter with co-
efficients v = 2, -½ produces the analysis of Fig. 4. This analysis is

comparable in smoothness to the operationally produced analysis for the same
time, Fig. 5. It turns out, however, that the LFM forecasts out to 48 hours

from the filtered and unfiltered analyses were almost identical. The filtering
would appear to be of cosmetic value only.

The analysis code contains a switch (in POLA) that allows the smooth-
desmooth filter to be turned on or off.

6. Some Regional MOI Analysis Results

Several test analyses have been done. These have been used to initialize
the LFM model, from which 48-hr numerical predictions have been made. Thus
far, these have only been evaluated subjectively. Objective, as well as sub-
jective, evaluation of analyses and forecasts, including comparison with the
currently operational LFM analysis and with R. Jones's analysis in isentropic
coordinates, is planned by members of Atmospheric Analysis Branch. The LFM
model version of D. Deaven with improved convection will be used for forecast
comparisons.

Thus far, the MOI scheme appears to delineate the atmospheric circulation
with about the same fidelity as the successive corrections scheme. The
smoothed versions do not contain the objectionable high-frequency oscillations
in the data-sparse areas that the unsmoothed versions frequently show. On the

other hand, the smoothed version does not fit the observations so closely as
the unsmoothed version. Compare, for example, Tables 3 and 4. The comparable

statistics for the operational LFM analysis are not available. Closeness of
fit to the observations is not the primary goal of the analysis, nor is it a

particularly good measure of analysis quality. See the discussion in Office
Note 200 on this point.

LFM numerical predictions based on the MOI analysis generally show circu-
lation patterns which are very similar to those resulting from the currently
operational analysis. The primary difference in forecasts appears to be in
the moisture and precipitation forecasts. The MOI scheme has shown some
ability to increase the forecast precipitation in areas where forecasts based
on the operational analysis are deficient. This is well illustrated by the
predictions of the snowstorm of 18-19 February 1979, discussed below.

At 12009 18 February 1979, the surface chart showed a large anticyclone
centered near Lake Ontario and an inverted trough in the lower Mississippi
Valley, with a frontal wave forming along the Gulf Coast (Fig. 5). At 500 mb,
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a double trough was located over the Northern Plains and Mississippi Valley
(Fig. 4). Twenty-four hours later, the anticyclone had moved off the east
coast, a rapidly deepening cyclone was just east of the Virginia Capes
(Fig. 10), and the 500-mb trough had moved eastward with its vorticity maxi-
mum over West Virginia.

The operational LFM surface analysis (after initialization) is shown in
Fig. 6, and the comparable OI analysis (smoothed version) is shown in Fig. 7.
These are very similar. The mean RH analyses for the three lowest model
layers, superimposed on the 700-mb height analyses, are shown in Figs. 8 and
9. These also are similar in the area of interest. (Note that the RH analyses
produced by the MOI scheme are not smoothed by the nine-point filter, even
though all the other fields are smoothed in this version.) Of course, these
charts do not show differences in the vertical profile of moisture that may
exist between the two analyses.

The 24-hr surface/thickness forecasts produced by the LFM code which was
operational on 18 Feb 1979 are shown in Figs. 11 and 12. The forecasts are
similar, but the MOI version has the developing low closer to the coastline
and has a stronger gradient of pressure north of the center. Note that the
MOI version correctly forecast higher pressures in southern New England.
Both versions have the low center too far south and not intense enough.

The 24-hr 700-mb/mean RH forecasts are shown in Figs. 13 and 14. Both
versions show excellent forecasts of the upper trough. At this time, the
mean RH forecasts are again very similar. The precipitation which occurred
during the preceding 12 hrs is shown in Fig. 15, and the corresponding
operational and MOI forecasts are shown in Figs. 16 and 17. The MOI version
shows heavier precipitation over the Chesapeake Bay area than the operational
version. It is still short of the amounts which actually fell in the area.
Too much precipitation is predicted in the Carolinas, probably associated
with the too-far-south location of the low and the usual slowness of the LFM
model to end precipitation behind an east coast system.

Figure 18 shows the observed 12-hr precipitation in the West. Note that
the MOI version (Fig. 17) has predicted light precipitation in northern
California and Nevada, in contrast to the operational version (Fig. 16).

The observed precipitation for the eastern storm during the first 12 hours
of the forecast period is shown in Fig. 19. The corresponding operational
and MOI forecasts are displayed in Figs. 20 and 21, respectively. The MOI
version is superior with respect to both the location of the maximum and the
maximum amount predicted. Fig. 22 shows the observed precipitation for the
24-36 hr forecast interval. The forecast from the operational analysis is
shown in Fig. 23, and that from the MOI analysis in Fig. 24. Although both
forecasts seriously underestimate the precipitation in the New Jersey-
Delaware area, the MOI version does indicate greater amounts here than the
operational version.
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When the unsmoothed version of the MOI analysis was used to initialize
the LFM forecast from 12M 18 Feb 1979, results were very similar to those
obtained from the smoothed version. The 12-hr precipitation forecast for
the crucial 12-24 hr period is shown in Fig. 25. It predicts slightly
more precipitation over eastern Virginia and slightly stronger vertical
motions offshore than does the smoothed version (Fig. 17).

Both the unsmoothed and smoothed MOI versions have been used to
initialize Deaven's improved convection LFM model. In both cases, forecast
precipitation amounts were even greater than shown in Fig. 25, with little
difference between the unsmoothed version (Fig. 26) and the smoothed version
(Fig. 27).

7. Conclusions

The design of a regional multivariate optimum interpolation analysis
scheme has been described above, and analysis/forecast results for one case
have been presented and discussed. This case indicates that the MOI scheme
is capable of producing analyses and forecasts of comparable skill to those
produced by the currently operational LFM analysis. An improvement in skill
of the precipitation forecasts is shown.

Although multivariate optimum-interpolation is based on a sound theoreti-
cal framework, it is obvious that many compromises and empirical adjustments
have been made in this MOI scheme in order to make it feasible for operational
use. Similar compromises have of necessity been made in other OI schemes
intended for operational use. Some of the deficiencies are due to ignorance;
for example, the error characteristics of some kinds of observations are not
well known. Other weak points are a result of the need for time-efficiency;
we know how the data screening and selection procedure could be improved, but
more computation time would be required. Finally, some limitations are
imposed by the theory; the correlations must be modeled by analytic functions
in order for the coefficients of eq. (1.3) to define a positive-definite
matrix (Gandin, 1963). All these compromises have led some to call such
schemes "pseudo-optimum interpolation" (and occasionally even worse names).

Is the departure of the actual analysis scheme from the theoretical ideal
a serious limitation? Note that so-called "optimum interpolation" schemes are
only optimized in a statistical sense, even in theory. Correlations are based
on the historical performance of forecasts used for guess values and on the
statistical error characteristics of large ensembles of observations. The
guess forecast and observational errors for individual analyses may differ
markedly from the norm. In practice, one must regard the MOI scheme as just
another device for spreading the observed information to the grid points and
making some compensatory mass-momentum balance adjustments. As much empiri-
cism as there is in the scheme, it can still be related to a theoretical
framework capable of suggesting future improvements as well as providing a
fairly exact measure of what compromises have been made in the existing
version. Many other analysis schemes are strictly products of trial and
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error. Ultimately , the uses to which an analysis scheme is put, be they
visual display or initializing forecast models, must determine whether or
not an analysis system is a "good" one, compared to its competitors.

REFERENCES

Bergman, K. H., 1978: Role of of observational errors in optimum interpo-

lation analysis. Bulletin, AMS, 59, 1603-1611.

, 1979: Multivariate analysis of temperature and wind fields
using optimum interpolation. Office Note 200, National Meteorological
Center. (Submitted to Monthly Weather Review)

Chu, R., 1977: Humidity analyses for operational prediction models at the
National Meteorological Center, Part I: LFM. Office Note 140,
National Meteorological Center.

Gandin, L. S., 1963: Objective Analysis of Meteorological Fields. In

Russian. Gidrometeorlogicheskoe Izdatelstvo (GIMIZ), Leningrad.
(English translation, Israel Program for Scientific Translations,
Jerusalem, 1965, 242 pp.)

, and R. L. Kagan, 1974: Construction of a system for objective
analysis of heterogeneous data based on the method of optimal inter-

-I ~polation and optimum agreement. Meteoro. Gidrol., No. 5, 1-11.
(English translation, Joint Publictions Research Service, Arlington,
Va.)

Hollett, S. R. (1975): Three-dimensional spatial correlations of PE forecast
errors. M.S. Thesis, Dept. of Meteorology, McGill University,
Montreal.

McDonell, J. E., 1973: Notes on operational objective analysis procedures.
Automation Division, National Meteorological Center.

McPherson, R. D., et al.,, 1977: Global data assimilation by local optimum

interpolation. Office Note 141, National Meteorological Center.

Rutherford, I. D., 1973: Experiments on the updating of PE forecasts with
real wind and geopotential data. Preprints, Third Conf. on Proba-
bility and Statistics in Atmospheric Sciences (Boulder), AMS, Boston,
pp. 198-201.

Schlatter, T. W., 1975: Some experiments with a multivariate statistical
objective analysis scheme. Monthly Weather Review, 103, 246-257.

Shuman, F. G., 1978: Smoothing and interpolation in LFM-II output. Office
Note 165, National Meteorological Center.



RATIO OF S OBSERVATIONAL ERROR TO S ERROR OF GUESS FIELD

RATIO OF RMtIS OBSERVATIONAL ERROR TO RK\NS ERROR OF GUESS FIELD

uv

.4Rawinsonde

Aircraft .4

.5Satellite

Sfc. C1. Wea.

T

.5

.5

1.0

RH

.5 .25

.5

1.0

.25

1.0

.5



f
f C AZ e CV9-S 7

. Co o) u i/4-19 S 1
v V II --

2, 2-

//��,r (A�)

zy

33

-,,I C5 7

7,/ 6, 7

43 (

,3, I

.-I 77-o AfS

/m0 o

,50 o

2- Le

2Lo o

2.,

/j., D- T-Alt

V. �

4-,3

3 no 

* "7/ j-o



a~ S- *.r1~, - o. - *.- -1 - . 11 .: .. ; I~ - - 1- - .. 0 -,-.-- ~ ,~~"- -- . . . -. - - - .---.- -.. .-

00 0 863.' F't oF ,n:~f o~tA/CYSS (VNSootov) 7
ff i:R 0: : 5: f7:/:2: ,fis / L /9' 792 : 

RMS TEMPERATURE(CENIIGRADEJ
850 740;. 500 §40!'3 3 .00 250. : 200 150: 0t0:

RAD:OSONDE 19.6 Co62 0°64 : 49 9.64 ,, 9 p74 052 0.53
125. 126. 26. 1I5. 08 12. 02. 0O. 91.

AIRCRAFT O.C O.0 0.0 .0. 0 .l 0.0o0 0.0
Jxo BSO A !t,)o .. * C'-) 0 (.? it 0. 0.

VTPR 1.23 0.66 0.93 l.08 O.94 4.2 1.06 0.31 0.56
4. 3. 4. 4. 4. 4. 4. 4.. 4.

TWERLE 0o0 0o0 0.O, 0O 0.0 '.. 0o 0..s. : 
.o!o0 O, . g. O. O, 00

NIMBUS 0.0 0o.: .0.,0 , o. 0o0 O0.O. Poo .. 00;9 
oC. .0 O. . . . 0.

TOTAL 1.7 0,63 0.65 0,52 0.65 0.80. 0.76 0.51 0.53
129. 129 . 3. 9 19. 9 112. 106o. 1.5 104 950

RMS HEIGHTS(METERS)
85) 70:1 50!. 4: 3,) 25J 20,) 5a %

RADIOSONDE 7.81 5.48 7.41 8.6& 10*88 14.22 14.12 10e32 13.2.
127. 13i. 132. 123. 110 105. 102. 1600. 93.

AIRCRAFT 0o0 (I0 0o:. - t 0o 0 0.0 0. 4 ( 0, 0.0
-. 21. 3. 0'. 0. C. . O.

VTPR 0.0: 0.0 0.0 0.0. 0.0 0.0 3.0 0.0 0.0
.. 0o O. 0 G. 0. 0 

TWERLE 0 C ' .: 0L.s 0.0t 0. 0,0 0.0 0o. 0.0
0. O O. O. O. O. O. D. 0.

NIMBUS 0. 0o0 0.0 .. 0o0 0o 0oD' 0.0 0(J O0 0I. O. 0. 6. D. 0 .O2. , ..
TOTAL 7.81 5.48 7o4l 8.61 10.88 14.22 L4.12 I10.32 13.21

127. 131. 132, 1230 120 145e 1C2o IaQ. 93.
RMS VECTOR hiND DEVIATIONtKNOTS)

85). 7 .C :, 5 )Q 400Q 3r` 25. 2,r: 150 'u:
RADIOSONDE 7.76 5 .27 5 97 6.59 7.6. 9.03 8,39 5.66 5077

118. 126. 127. 14. 107l. 99. 97o 92 88e
AIRCRAFT 0o.C 4.74 10.72 13.31 10,48 10.77 9.46 4.96 0.03

'0. X°1~.2. l. Oi 12. 1. iS7. 255. 21H 1o 0o
NESS hINDS 00 10, 90. 0.0. 4,95 18.78 12.87 13.15 0.3 0.0

O0 2. 9. 2. 4. 8. 7. 0 .
TWERLE 0.0 0.0. 0.0° 0.0 0.O 0.0 0.0 0.0 0.0.

co. co 0.' 0. 0.. 000 %
OTAL1 7.76 5 4J 6.52 7 33 9.52 1038 . 565 577TOTAL I laa3~~ ~~~~~~8.8904 5,65 5,77

118. 129. 139. 116. 238. 362. 125. 93. 88.
RELATIVE HUMIDI TY

Ou'f1 85& 7D9% 50? 
RADIOSONDE a.O 20.63 24.03 19.16

3 122 129 79
BNDRY . 66666 .33333

SFC CLOUDS 11.02 10.64 ID.50
1254 1340 937

BOGLS O.O 3.S 0.0
:0 O_ O . 0.



f4 oP

RMS 1EMPERATUAE(CENTIGRACE)
8e50 7 0) I

RADIOSONDE 10I .:0 C0 83
12%o 126o

AInCRAFT 0oO 0o 
00 0.

VTPR lol 0 . 53
O T~ ~ ~ i E L £ 0 30

TWERLE 0.0 090
Co 00

NIMBUS 00; o, tI~d5 t0 Co. Oo8
TOTAL 10o 0, o 82

129o 129. o
ARUS HEIGHTSc (ETERS }

~,@~ ;250 700
RADIUSONDE 8o 5 7, 12

121o I 1,
AIRCRAFT C0o 0o0

0 Go a0
VTPR Qo 0 000

Co Oo
TWERLE 0o0 0o0

NIMBtLS Oo. 0°0
C o 00o

TOTAL 80 c 5 70 12
127o 131o

RMS VECTUR WINE CEVIATICNiK
850 7CO

RA0DIOONDE 'Io 32 6o C 6
41 1 E~ 126o

AIRCRAFT 0o0 7o86
Co 10

NESS iIiNDS 00 C 11 0 66
co 2.

TWERLE oC 00o C
mo (Io

TOTAL So32 6oS7
6t.1 1 0 12"o 

RELATIVE HUMID

5O05 0 rl i
00 86
126.
0o0

Co 85
40

0,0
3.

000

O°°-

Co 86
130°

I50O
100 1T'

0o9)
90
Jo

00
.Oo

0o

10017

132o
NOTS)

5 :)
8o 27
1270

IIo 13
12o

30
co 0

',4CC 

8o 56
1390

'lTY

RADICSONDE

SFC CLOLDS

BOGLS

0
aNCR Y
11.02
1254

3000coa
0

E5"
20o~J6 

122
oe6666

10o64
a 6 66 6 6
1 Co o 4
1340
0c0

0

70 5000
24 C-3 190 16
129 79
a 3333

13o50
937
000

0

0
,: .Z.

/Zaf,'P r5e Q C?7G

4O0
0066
115o
000

Oo0
1l 13

40
i a000

0
fOo 68
1 L 5 o11ce

4i 00
12o 82

123o
0o0
00 0

co
0o0

123 .

400
Co 6u
11,A0

14 0

6 11
20

Oo O
2o

00 0

100 18
126c

30)
0o82
1038
0 og

O'o
O080

40
000

00

00
0, I

112.

300
14o 9T

4.100

3.0

°0.

0.()

0o

0 0

1 Oo

0.

14o97

30'0

10, c6
107c

11061
1270

21o29
40

00 000

lOo

11o55
2380

250
1o0)

1020
00o

40
CoG

Oo0 00
0o0
Oo

1~0£1.(o -106.

250
17056

ICS,
0.0
o 0.

0.0
aOo0.
co 

000
00000
aO.17o56

105 

25')
11,2o

12.11
255o

1'40 26
80

OoO
Oo

1o 193
362.0

20)
1o0I

co
1 23

Oo
C0 C

Co

1.02

210.0

2O0
1 o 1 7

17017
102o
coo

UoX.

Cooco

0c0

I2aO17.17
102.

20;)

105
2o

13081
70

co
10257125o

150

00e

CIO33
100

Co 0
0

104e

14o43
100o

00
3o.

060

000
:0030o0

0o .
14043

1000

150
6,69

S' 2 I
40.2

lo
9oO

ae

6,, £ 70 .06.67

100jo
0.963

91o
0o0

00
Oo 49

4o
Oo 00o0

000
00

95.

100
I o 16

93.
00
0o

0o0
coo
600

169 18
3c

100
6o46
608

0. 000
EO4

00
(0000
0.

6,4b
Oe

6*46
Cbde

iX :., -IS r 0 7-Al 'To :- 47 -
X L yX S 11,S soOOrs ~



··.e ~ :: ~:. .f: %.!;.:
to

V : :' ji:' ~ ; . .. . 'L' : : .. '. ' . -, '~'
.' :' : V: " ~.. " L ... : ·... ...... S

0 0 1 2 f 0 0 0 if <:, - \ -I ffi -am~, '

i&

SS-ios) an w-~~~~~:,X!i..:- .

iRAOB WINDS : - I,

RAOB TEMPERATURES"

SATOB TEMPERATURES :

,.4
i. 2

o~~~~~ ... /..~.1--
- ~ ~ ' ~ ""

.4 .62.8 1.0 1.2 *1.4 1.6 1.8 .2.0. ~ :1. .. l ii ii~i I ~~d~lJ : ..

:! · i ~ ~ ~.2...'

/i/
t'.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~z :, "' '! ''"

: . ..
.~.,' . ~ :"~~~~~~~~~~~~~

I,

� 'I,

If



AN APP~oV.IMA-riogor Va

-ii~~f 

LFWSsC; GP,000< I f0;d \s4X%:0 ' :

-Z~~~~sS ~A

$1;V

�+

4- ,.

qs

i1-

4 : 4j-
2K

- N

-I3 -

)~. •i2!-Z-
k )-

6

/. ,2~YX

1<-:

l,N i w,

ISI
/

f>61,/ I.

,/ IYJ~ ~ -4 7~z

/"k

N\n
V- W ? 1 i 1 , 1 i i :1 I .i

/

h ;_j-l *~ - ; 

/

2
I-.--

I

f 4.
I. . . ,T 'T r , -
:.I t1201/7 I

? Ž ::: '-E, -7

7- 4: t,. 
'\, I.

4.

ti
' ,rU .1. L-

v- 'I i':?

I \
1:

�L1 T1�7I

U3� v- I.
'r- * �I

7t7� EŽ�

\-

� N.

'?�qt-

1-� /

�

�Lf\ 17k4� 7T7i
-4--.--

l�Jr K�I17
NJ h\\j

¾,l
� II \� !I "

.fr-� 5 :
IV .1.4" .,�.lt� r-r

4P'- 4 I -' '7'$.. [

'/3- 00 . 7jit0L taijjjJ±± k ;iIY r'7 Z ts

F. ..-.' : . w .: ' A ...:: : .,.: -

.] .... . ---i , .'1~2r~!j , ~ "?-* :r 25 27-.2-t `.YV:i

.I - -$ -"1? -1 ~:il/ N.1-/

iL X. I --- I - - E
I 

!

-jl ! "M .? i -$ - i Aii i6 I: I I I _ l
'I I /' N ,V 1. 'N7f /. .- 1 7--" 1 .,, 1-

" - I -_ I/ I

I >/ .. 1 1

-~~~~~~ I- '. .r ..- ii- :
t \/l I i. IF -.I .i I .I .r -.---
1¢ X , I / I /1 ( i7 X

1s 1 , i ,-1 /z I ? I %-,.---1

qI_--ki.t6 l I ;1_N-1Jt !1: I1 1-I !' I.. - w\T...:,II. 1p
~M · ~ I ¥l ' /I / /1 / I ~I~,1% t ,1I1..I4l~f\.' [/'k ~ .. ,

;

I 

IfX 

� r,�-� - - -L-1 i 171-1 F _gt1l 77� �

It K. I -
_+ -d-:-:-; r':.< -..-+ l-..4 -- 

-I

t

lI!

I

f-

i ;�

I

-

v

I/N 121 tita t\ 1) '1
'¢ .b/

\ ",I

:x( : / . -t: :-I :t ~ b-:,k.l~r
~--l J

I i-

I
, Se;

-. , .! '. , ' :.1 :' . .. - '

A. S: i .E

An :. E C C':-' .; ... : .S :I

k . ."

A

:Xt1

1�

NX" \l-,

i.--'ep~



/ J
�,

/

�5,'

If', K



3

: ~, - - --a 6 - .

0~~~~~~~~~~~~~~~~~~~~~~~~- :54:'~~~~~~~~~~~ 6D / \ ' / . .,~~~~~~~~~. 1 ~ ~- .'-I -,

I ::
s S s q t S ¢~~~.1 I -. U B /1\t.t

/ V168 5OOMB ANALYSIS hEIGH~~~~~tMPKATURE ^ ~16 XU 8 E 197 LMz igJ S

/~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~II ~~~~~~~~~~~~~~~~~ 
: ~ ~ ~ ~ :- :.S -I ,., 

0

'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

_ R g s .: ;'.; . ., 7 :. i 7 ' , 0 . -by \ ., 

_CV . - 7 X . . .. - . 0 i,. - .. .. - X . . D' S. : 7 }

8,57 92.

,~~~~~~~~~ -'

V168 500MB AN 1 UN 1 FEB 179 M' .

3A A/ -Y b 4Z 441-S/

~",~~~~~ . . ..-: -. g,:3 ~



o-i 41212

3* 2 5 
2 

6'a
'~~~~~~~~~~~~~~22- ' 'i .~~,,' 1 i~-,: .-_,.,: , '~O3 ,2O~?;.6.1.12:-!_~.wU. 

* ~ ~ ~ ~~~~~~ 23~~~~~~~~-"-f*-" / ' 1 -4.271
;'l 8, *260~ ~~~~~~~~~~~~~~~~~~~~ ... 2'1l .' JT ~. 7'~ '"',,

3?i9 ~. /\
39'~~**"~ ~'3~ 3 ' . .. -- l't ~/9 ~~~.." ~ ~ ~ ?1 )1222 ~~~~~~ 252129"- 78 2\ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~"'' -22

.~~~~~~~~~~~~ .1 , 2 .- 02 r~~' 9 4 I-,1' -2 2? I '-~

2- 3~~- ~ - ' ~'i9 j' ?2 59 ~x' S ', "" 70.?~ - s
~

-2,

q~~~~~~~~~~~~~~~~~~~~~~~~~~~~l~~~~~~~~~~~~ ~ 2 -~L o 3.?'12 -sN' ..* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ',- .'L~ '.:f ;>12 1. ;12- 5,?~ _::',a;'.\ ~r, P, //- j~ / -'
I~~~~~~~~~~* -' "'21 Slb·

/ ' ~"~ ~ .~~ ~' - ~ 'e ~~~~"~32 '~ ~& , ,-'-:.- ~ t. ~ ~' , 7J. '.~ ~ 9 -"',.-o ~r i...-, ,, : V5,,,-'- ' - -153~"_,;,L,:. ---!s / · J ' \ ~
2292~ ~ ~ ~ ~~~ 

2 s'-----'j · ~ei ?~d· ~~~~~ ~~~~~~- '9~0 ~,1'10"~ ~ ~~~~~ ~~ ~~. ,~5 I' 4. . : o~ , ' ' o.
12 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~.' ~' 29. t~~~~~~~~~~~~~~~~~~~ 2'-' _g.229 1 .j9N,,~' & -r, 22.". \'- h... &'6, '%' J, .3 12 I2223- "'; 23%1 ':~ ,-'-I,/4'I,,: 26 6,~ z \, ,4-' :~ " - -k~,-,~ , z,- L'-4-2~ ,'.q dP.,'~;, *~ -< ,v? £ ':.--~. '"11..~ ~ , ~_F, ;':, '. 190229:/ - 3I.

, ~ ~ ~ ~ ~~~' "1' ' L I~ ~27 .i
2 9

'"'21 ~ . ~ '" 
2

, ' 99 2' )~~~~-1-~~. ~ ~ ~ %,22/>,.12en'-.~~~~~~I~a~~i /i~~.-', ' 2-l~
~ ~

' ;Je1 3 ,2--

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 6

· ~ ~ ~ ~ ~ ~ ~~- 37,,1 25289 _,1 26'*~ ~ 
*~ ~~~~~~~~~~~' , 9 019 3~4~l ~3 11r~J- s.~3 ~ ~ 21 e"' ' --

3 6~~~~~~~~~~~~,

"%~~~~~~~~~~~1' 31 '~~3 1' /29 I' '. .' '~,,~_.2 ,'~,a._~~~~~~~~~35 I ,3 . . 4....:s AO2 ',-'-..5 - '-~.~-'7' .. ,'~.~~~~~~~~~~~~~~~~~~~~~_-."-'9---Sf* .'. .2~ 
·~~~~~~~~~~~~~~~~~~~~

'"'"-~ . /__ I't -'°t 
9,-3 ~ ~ t,,--.,'-u~ Iz39 ,-~_ ~ I~ ' 261a~,L"'/- :'7 '"6 ~-' _~~ ~~ ~~~ , ",, ~ '6231 \..?.*' 3~ 21y1' ~A3)&~.9 2±9." x

~~1? 19"' 3 ~ ~~6 -23 W'02f 23 3 9 417391

· 01 -6- ' " ' 2ia 3 1 C, '

2~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~2 3 ~ ~ 6223 '2.-I .

.* * .61222212. 206? 69 2 -~ ~ ~ ~ ~~ ~~~~~~~~lit:-. P

k-- 

c. - " , " is,, ." -.~~~~~~~~~~ _.LnV ,,- 2. " ..S./' -n v,

RP~~~~~~~~~~~~~~~ .·~~~~~~~~~~~~\3
i~~ ~ ~ ~~-~ !'

,2Z-.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, .!- ~ ' y' -.· \~o, ..? ~ ~ ~ ~ ~ g~:M ,_N-13 h , 3_ - , ,
: .-._._...._..L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 2e,/~Fw



e.A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. ,~ '...).?-7A K-~-. /. ,... V-.--:
'~ ',,.'~-~_ / '{~?L~ .. , , -,;r~:.b

/~~~~~~~~~~~ Y'-t ~.;Z. w. ,,,_z&< x . \:< J~r
-. N, -' '- '" ~' '" ' --'~~~~~~~~ "'Y7-7~#r" 'v -.... ... ..

/~~~~~~
F- / ~~~~~~~~l

opivz. rM 4 ~ ~ ~ ~ ~ ~ ~ _ r'9

I~~~~~~. .fh .4 -J ' .r
'74 PI.7-9 C k-A _S-t S.

V.. :' '..t , 'StF'y~~~~~~~~~~~~~~~~~. 6

FI: 'I' xAl...
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -F[1?. '"~ '



IS :~C

VEXP .. AN YSIS SFC/1 -500 ICK ESS 1 SUN 8 FE 979 LO9 .'

Jo Elf+ 7 /lloZT Oq/:qL'S/S si5 ioaTD)

Aoo',4 S"~~~~~:~.~~~C



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~.............. ......
~- . . . . . . . . c. ............................... , I_, , .... .~~~~~~~~~~~~.................,.~ ........... ~ ........ ~:~ , , , ~ .. t .........................~~~~~~~~~~~~~~~~~~~~~~~.. .... ...

,.-, ..................1 . . . . . . . .... ...... -

ark \ = ,, ,,- t- -I of0 ,|ff <- e I 0 *5, - -\ A.

...........

t . R S .~ ~- - :- ~ . ,0 :.. ................ . .... ~ ; 0 .rX . ....... . ...... ......................~ ..................... ...
· · ' · ~L · ~ ' ~'~ ' :.. - ~ .................-' ...'~',~.? ..................~...~ ~"~'~ ~"'~ "'"',.., -,-'~ - "~' ':" ':~X~:,...i. ZL............

% . . ~ , ~ . · ....................................................... .~ ~.'~ ...........................................

-- " ~'~'~ . .. . . .'s ' / ' '"' "~ ~-'" ' .~ ~ ~t"'~ ......."\ .................~"-: 8;~.. ........~-c' . .~ ....,. ......3..:- .. ~...
K ~~~~~ ~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~. ..... I.. .M.... ....::: .-.-' ~ X, r'.2 ' "' "- ' ' ' : ' ' ~ ........... ~* ~?~i--- ~, .......~';'" '\ ~ .................... ·..........~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... ........

· ,-. . . ~ .......... i, ~ ; -. ~ , , ; '~.... ................ ............ ,
' :,' ............ ....................... .......~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~................ .'I .

N\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L.... ..

_ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-4

.~ ". .. ... ......., , _. ./ ~ .. _.~, ~C I -",..' , Z~ ....... , ............:':~:1::: ................"~./.~v- ~..~ ~ ~'::~~~~~~~~~~~~~~~~~~.. ........ .. ..... %'.- .........

VW- A 2i 0I 'A 0

·~ ~ ? ,.. .t I -. '~ I '~Z, "' ~ ~ f'"'"'M~'".......:'"'":;:::";;!;::l'~;/~4&~/.. '~-? \ ~~~~~~~~~~~~~~~~~~~~~~~~..........
~~ ' -'~---F:::::~~~~~~~~~~~~~~~~~~~~~~~~~..... ::.:.:. :.:::::.."-J-'

:.C:.::....:.:.:... .....,... ............~

?oo A~ A1~d.R: I t"

:._]_ . .. i~~~~~~~~~~~~~~~~~~~~r

/,' V4 , F M~ :' RH w''', ?} ,-,..........!~~~~~~~~~1O2 t/-. /..F/ , I ,'IA , LF¢



C?::l~-~.u: {~- ' I/ -

b : ;W S~~~~" t .n; 

214~~~~~~~~~~~~~~~~1

Iv'~~~~~~~~~~~~~~~~I/X AN.AS70H]IY 1 ;--' a.> 4,, , "'
/ .'t 1 0 P l Ni i -/

an VE.YP .. ANALYSIS 700 HE GHT/REL HUMI~lTY 12Z SUN 18 FEB 1979 LFM09 i

,4iOr
I

S b to
F;~-7 ' t 

,4AI,41- SI Xy



3I13j, 

njj602k 16j 1

.Z4 'i2
I .

3O1 ,

A .IOJ��, -,��j

f?

I - I ,NSATIONAL LEATNEI SERVI E-

1 12Z MON 19 FEB 1979
- 1:. !' 3tC SACE A1ARLYSIS:- * , .1 . al ni Jesus Z_ 35

1:
l(

1Z3IK-;;
7OZ

"- f ' 323II.:/ "
t1~ _ "^.

1 2

I5.
92-:
3n

/0
,S7Fc.
/2 2-, 79

A--L -11 \ 

329

A^/AZL..s/s



Li
:.

UaW

a

L--LlF F- /tt go L- e sCs FR07 o L.o -4 tcS I ,4

a,

I 

)

)N

-



-- -. _/~~~*~~A~ i~fl~~L . - '- 'Q-

-~~~~~~~~~~~~~~~~~~~~~~~~~ --- -

'VEXP 24HR FCST SFC/1000-500 ICKNESS VALID 12 N 19 F 9 L 109

& tP74 bAeoZ AAl. 'o o ,
B X X fL: 0 0 'I . : '- ' 0 :. f~~~~~~~~~~~~~· ~



D

A~~~~~

VEXP 24HR FCST 700 HEIGHT/REL MIDITY VALID 12Z MON 19 FEB 1979 LFM9 .

g , 4~,j. /#*^ AdF4'~~~iecxr foew. .l t .

C

C:

(n

SIoo7-o



'~~~ ~ -¢ I7I -. I- ~ < <
., f.ZEZ~~~~~7-: ' ~-

.VOPL ..24HR FCST 700 HEIGHfREL MIDITYAL 12 MON 1 1979

,_~ ,,4~~~H0

/3. pcsr Fieo , 0O Z. A Z4L .

a

)

)

F1 

1
:GX0

'W*

13.



v

O cfP(' 0
-

? ~o
~-- 0 I.,~ o 12... - A-,

;50 ~~~PR 6 c,' i A/7--i 77 o A/



W

I (t.

17~04

OPA'Le. sFZ. P

GP 24I

) ,dz1~~ ___ ___F

24HR FCST PRECIP./700 ERT VEL VA D 1.~fN 1 F B 179 L\ O \

:fC

:G:



1W~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~6

f~~~~~

VE\XP 24HR`FCST PRECIP./706rER VEL VAID 2 N 1 E8 97 LOM091



GGW

OL7680
Z68

M Ls
0

'I

76

PHP
0

(

GCO P
0

4

C

GNT
0

FLG )NW
0 - '/

372 c 74

LUF PHX (

0 278

£23
SL 0

SAF

ABQ °
364 MY

365

ONM 4 CR0 C)

OLV

LJ) TAD L8 L

o0 r CA( -G UY0 - o:
OHT

S AMAO

T~c

cvs l 363
Op\, V0 XLBD

267267

OQ0

I - % I I

/q, /~' NATIONAL WEATHER SERVICE
?4I NMC OBSERVED1.lUHR PRECIPITATION AXUS 1

MAF BGS

265

FST
0

0 - DRT

~~27 1 1 ~2'261 '~:

C
2'

MOVmo
03342/ \:~~ T f t~

0
152

f3

°I-1 I* z z- f= Eb 19 >' L919

1<°0o



I
Aug. 1974

JZHA

-.-- F

/-.O F-.7 -
/9

o -12 He
Perc/ t 7A 7. 7 r 0 AlM ,AT~ 250

399 I



I I~~~~~~~~~~~~~~~~~~~~~~~~~~p1, '.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C1
/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~F

VOP 12 HR9 FCTi I a E 17 

m



I 't ~ IF

: D " '"ts-- -/E-' "

~:--Nx/"'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o .2 

,,. : ~~~~VEXP 1 T PRECIP. S-VEL VAL OOZ N 19 FEB 1979 L 9 M09

LV 2/ LPfi FcST- ~ O /, Ai#v4L, N LoT e-)



Aug. 1974

... __ . _2. 2 .
.4 -- ~ ,,/, WRe

IPRECt P tTA7'4770
359 1



a

oPaL. %

T--

I~~~~~~~~~~~~~~~~~~~

t~~~~~~~~~~~~~~~~O 36~

j /

F Z-J · ' ..
a

;/ '!- /'a . -!
/ 

' . "N.

!
LESS~~~~~~~~~~~~~~~~~~~~~~~.,. 'q,-, -X1., ,'

: Pt . . 361-R FCST PI:ECIP./7oO BERT VEL VALID OOZ bii 20 FEB 1979~ LF -OPN&. L

0F

C

C1



7 -_7'~ ~'~' % , '~ I "~"~

4w'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~\

C)/ .S)' 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ 

VEXP'. 36R FCS PRECIP./70 ETVL VALID 0ZTUE 20FB 1979 L?19 -

7- ,;c)

C'~t tF/1
..

-:~

,lio~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

($m:oH D;



-- ~ ~ ~ ~ ~ ~ ~ ~ ~~~J

_ r

D~~~~~~~~~~~~~~~~~~~. :~ :.::. C.....

D I ) -5:-
t;\~-~~ ~~~~~~~~~~~ I.:. .,,c~r
' 'A<~~~~~~~~~~~~~4

V KP . 24H FCT PRECIP./7 RV 9 ' ' L/l LPV9 X (awV S / voorwep)

- ,o



I- �

I

2� 1 qv6,4$ ZCsV�

4�o /9A/�9d.�SVS

00 77fc0)

4E

' I~~ ~ ~~~ ~ ~~~ ~ ~~~ ~ ~~~ ~ ~~~ ~ ~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

' i . ·

,' / ' 5

'--. , '.,I / '-1'

*~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~ ,- -.

U 1,

'~~~~~~~~~- .

VAAA 24HR FCST PRECIP./700 ERT VEL VAID 122 MN19E 99 £L

:?



( C

27

.27

:f 

riz D66 Ale zc

IAlo~r 41e~

C S, o~ b b )

FI

RIM

>..,%

,--"" / i < \ " s \ S\Y' ,;
'.< % ,"& m 1 \2

VAAA *'4' " FCST : IV 19-- -- . / i ',I *.o .,./,

4 ' ~~~~~I .t9 

, ,N /, ,

V~AAA .. 24H~ FCST ; E I. -,IDl 9 W179L 



,~, ~ . , / q 

, ... .J

~'i -,~0so8 /t J .~~9 -1

520~~~~~~~~~~~ 

H.

-- " ~ ~~~ ~~ ~ *.l? 12- /o 
' ' / V.. 

/. 
r --~~~~~~~~~~~~~~6

/* 2 
3./ . I. ~~~~~~~~~~~~~6271.

X~~~ ~~* N //3 2 ~~~~~~~~~ 4 98 K CVN 

V168 500MB~~~~ L UN .. 5

40 ~ -25 



9

The three-dimensional correlation function for RH is assumed to be the
product of a two-dimensional lateral correlation function and a one-
dimensional vertical correlation, thus

rr rr rr
pij = ij v (4.1)

The lateral correlation has the form

rr = exp{- kh[(AT )2 /a + (An )2]}(
Bij ij- (4.2)

where ATij is the component of separation distance between points i and
j which is parallel to the vector wind at the grid point and sigma level
of the updated wind field analysis and, Anij is the component of separation
distance ?rmnal to this direction. (The vector wind at the two upper
sigma levels is obtained by vertical interpolation of the vector wind from
the two bracketing mandatory levels. For the lowest sigma layer, the
forecast boundary-layer wind is used.) The value of kh is the same as
that used in the multivariate analysis, and the parameter a is defined by

a E 1 + .004(uf + vg); a < 4; (4.3)

where ug and vg are the components of the vector wind at the grid point
and sigma level.

The above lateral correlation function has isopleths of equal magnitude
which are elliptic, with major axis in the direction of the grid point
wind. The eccentricity of the ellipse is determined by the value of a,
which is not allowed to exceed 4. Thus in strong wind flow, the relative
humidity is assumed to be correlated up to four times as strongly in the
direction of wind flow than in the normal direction. In weak flow, the
correlation is nearly isotropic. The number .004 appearing in (4.3) was
determined empirically.

The vertical RH correlation is modeled by

vrr = 1 + (k + c)kn 2 (pi/pj)]-, (4.4)
ij p i

where

c - 75( 9 ; = - 0 (4.5)

Here (30/3p)g is the static thermal stability for the grid point and
sigma layer. It is determined from the updated temperatures at bracketing
mandatory levels for the two upper layers, and by the 1000-850 mb tempera-
ture profile for the lowest layer. The number 75 is an empirical constant.
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Correlation (4.4) has the effect of increasing the vertical depth of
RH correlation in areas of low thermal stability and restricting it where
the air mass is very stable. The reasoning behind this is that relative

humidity profiles typically show more layering when the stability is
greater.

The weights which the observations receive in the analysis are also a
function of the normalized rms errors assigned to them. These are listed
by instrument type in the last column of Table 1. Here it can be seen that
the pseudo-RH values obtained from the cloud and weather reports at surface
synoptic stations are assigned an error level twice that of rawinsonde RH
values. Nevertheless, the RH analysis is primarily a function of the sur-
face reports because there are so many more of these than there are rawin-
sonde soundings. A suggested experiment which was tried for one regional
analysis (on the hemispheric grid) was the combining of all surface and
surface bogus (from NESS) cloud/weather reports within a grid box into one
"super-observation." Comparison of this experimental analysis with the
regular method described above showed little difference in the moisture
fields but did save considerable computer time.

5. Design Features of the Analysis Scheme

a. Data Base and Analysis Grid

The data base for the regional MOI analysis in order to initialize
the LFM model consists of all data currently available at the "early" data
cutoff (approximately 1 hour after observation time). This consists of
mandatory level rawinsonde data, surface synoptic data, aircraft data,
satellite cloud tracked winds, and (previously) satellite VTPR mandatory
level temperatures. The codes are designed to accept other new kinds of
data, such as the new TIROS-N data. The data can be assigned quality
indicators; at present, such indicators are assigned only to rawinsonde
data.

The 12-hr hemispheric numerical prediction which provides the guess
fields for the analysis is interpolated to an extended version of the LFM-I
grid by utility routine W3FT00 (J. McDonell). The analysis is then inter-
polated to the locations of the available observations. Linear interpo-
lation is used at constant pressure, and linear interpolation in the loga-
rithm of pressure is used for observations not at mandatory pressure levels.
Residuals (prediced minus observed values) are then computed. Since the
analysis at border grid points should depend on observations external to
the LFM grid as well as within it, the grid is extended by a "moat" of
12 additional LFM-I grid points on each side. Residuals are also computed
for observations located within this moat.
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The 1000-mb heights and winds generated from surface reports are
then used in the analysis of the 1000-mb height field (which analysis may
be converted back into a sea-level pressure field) and in the height,
temperature, and wind analyses at 850 mb, 700 mb, and (rarely) higher man-
datory pressure levels. Additionally, upper air data, if selected by the
data search and screening routine, may be used multivariately in the 1000-
mb height analysis. The LFM initializer does not require 1000-mb tempera-
ture or wind analyses.

d. Data Search and Selection Procedure

The data search and selection procedure for the regional MOI scheme
is very similar to that of the global scheme. A preanalysis program sorts
the observed data by location on the extended LFM-I grid. Then a search
is made of the data about each grid point to be updated. Searches are
carried out successively in nested rectangles of 8, 16, and 24 grid lengths
on a side centered on the grid point. At least one sounding, either rawin-
sonde or satellite, is required in each of three quadrants for the search
to be satisfied. Otherwise the largest rectangle of data is used. In
practice, the smallest or intermediate sized rectangles are used over about
75% of the grid, the largest rectangle for the remaining 25% of the grid.

Once a search rectangle has been selected, all data within the
atmospheric volume, up to 100 mb, delineated by the rectangle are screened
for possible use in the MOI analysis of each of the four variables at each
mandatory level from 850 to 100 mb, and for the geopotential height at 1000-
mb. As in the global scheme, the screening is based on the magnitude of the
correlation, as modified by the estimated observational error, between the
observation location and the grid point and pressure level to be analyzed.
Cross correlations are multiplied by a factor of 1.75 for the screening
only. The 10 observations which have the highest correlation magnitude
thus determined are actually used in the analysis. (Some experimental
analyses indicate that running time could be reduced without compromising
analysis performance if the maximum number of observations used were
reduced to 8.)

There are two restrictions currently imposed on the use of all the
data in a fully multivariate form. Because rawinsonde temperatures and
heights to a large degree provide redundant information, only the heights,
if reported, are used in the height and wind analyses, and the temperatures
are used only in the temperature analyses. But at a rawinsonde mandatory
level where, say, the height is missing but a temperature is reported, the
temperature may be used in the height and wind analyses.

The other restriction is that, for satellite temperature/ height
soundings, only the temperatures are used in the analysis. The present
scheme has no way to add 1000 mb analyzed heights to the reported heights
since a 1000-mb analysis is not done separately, and before, the upper-air
analyses.


